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When Choi et al. measured glutamatemediated excitatory postsynaptic currents (EPSCs) in the nucleus accumbens of ENT1 -/-mice, they found an increased frequency and magnitude of spontaneous EPSCs compared to ENT1 +/+ mice. Moreover, although blocking A 1 receptors did not enhance evoked EPSCs, stimulating the receptors inhibited the evoked responses. This demonstrated that the increase in glutamate transmission seen in the ENT1 -/-mice resulted from a lack of endogenous adenosine tone, which was not due to a loss of A 1 receptors or decreases in A 1 receptor affinity. Although the levels of endogenous extracellular adenosine were not determined, these data clearly point to a reduced A 1 receptor-mediated inhibition of excitatory transmission in animals lacking ENT1.
A consequence of elevated glutamate and dopamine transmission in the accumbens observed with many other drugs of abuse is increased CREB phosphorylation (pCREB) 11 . Importantly, Choi et al. also found increased pCREB in association with the increase in glutamate transmission observed in the accumbens of ENT1 -/-mice. Because the increase in pCREB is linked with intracellular changes thought to be critical for transitioning between social or recreational drug use and addictive patterns of drug use 11, 12 , these data suggest an involvement of ENT1 in the development of alcoholism. Figure 1 illustrates the sequence of events whereby ENT1 deletion, and perhaps chronic alcohol use, alters adenosine regulation of glutamate release in cortical inputs to the accumbens, and thereby induces pCREB.
Although the experiments by Choi et al. 2 implicated ENT1 and decreased A 1 adenosine tone in promoting alcohol consumption, one more critical experiment helped strengthen the authors' proposition. To restore A 1 adenosine tone, the researchers administered a compound to stimulate A 1 receptors in the ENT1 -/-mice, which significantly diminished ethanol consumption and preference in the mice. In contrast, the compound had no effect in wild-type ENT1 +/+ mice. These data directly demonstrate that increased voluntary alcohol consumption in ENT1 -/-mice is related to a decrease in A 1 adenosine tone.
Demonstrating the importance of A 1 adenosine tone on glutamate receptor signaling in the nucleus accumbens points investigators toward glutamate input from the cortex to the accumbens as a potential site of primary pathology in alcohol addiction. Moreover, Choi et al. have shown that this projection can also be a site of genetic disposition for alcoholism. In spite of an intense worldwide research effort, alcoholism and other addiction disorders have proven extremely difficult to ameliorate. These new findings indicate that the development of compounds capable of regulating neurotransmission and cell signaling at A 1 or glutamate receptors could provide valuable new pharmacotherapeutic tools for treating alcoholism.
A shrewd insight for vision

Farran Briggs & W Martin Usrey
The circuitry responsible for generating orientation-specific responses in primary visual cortex remains controversial. A new study identifies an anatomical substrate for orientation selectivity and suggests the mechanism may be conserved across species.
For over 40 years, scientists have hotly debated how orientation tuning emerges in the visual system. One reason for such intense scrutiny is that this work provides insight into the general question of how structure underlies function in the brain. As with other emergent properties of cortical neurons, identifying the circuitry responsible for orientation tuning has proven extremely difficult. This difficulty is partly due to the complexity of intracortical connections, along with the strong possibility that more than one mechanism may be at play. Hubel and Wiesel suggested that orientation tuning results from an anatomically precise organization of feedforward projections from the lateral geniculate nucleus (LGN) of the thalamus to layer 4 of visual cortex 1 . In contrast, alternative models assert that feedforward projections lack sufficient strength and precision to support orientation tuning; these models emphasize the role of intracortical mechanisms in amplifying and sharpening orientation tuning [2] [3] [4] [5] . In this issue, Mooser, Bosking and Fitzpatrick 6 identify an elegant anatomical substrate that may support orientation tuning in the tree shrew. This substrate shares features with both types of models-feedforward and intracortical-and could serve to establish a fundamental principle governing connections within the cerebral cortex.
'Orientation tuning' refers to the observation that cortical neurons respond strongly to stimuli presented at a particular orientation and less to stimuli presented at other orientations. In the visual system of the cat, where this property has been studied most extensively, orientation-tuned neurons are present at the first stage of cortical processing-layer 4. Individual layer 4 neurons in cat have receptive fields that are elongated along the axis of preferred orientation 1 , whereas LGN inputs have circular receptive fields and lack orientation tuning 7 . Based on these differences, Hubel and Wiesel proposed a straightforward model for the generation of orientation tuning 1 . In this model, orientation-tuned neurons in layer 4 receive convergent input from several LGN neurons whose individual receptive fields are displaced along a line of visual space. The combined input from the ensemble of LGN neurons establishes an elongated receptive field that,
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Although the cat has served as a model animal for studies of the visual system, there are important species-specific differences in the functional organization of the visual pathway. In particular, although orientation tuning is a prominent feature of layer 4 neurons in cat visual cortex, neurons in layer 4 of many primates and insectivores lack orientation tuning, which instead emerges one or two synapses after the geniculocortical synapse. Thus, input from the LGN to layer 4 cannot be directly responsible for the establishment of orientation tuning, as it is in the cat [8] [9] [10] [11] [12] [13] . Instead, orientation tuning must rely on intracortical mechanisms. Can the Hubel and Wiesel model work given the organization of the primate and insectivore visual systems? The new paper from Mooser et al. 6 demonstrates that the intracortical, feedforward projections from layer 4 to 2/3 in the tree shrew are organized in a fashion similar in spirit to the geniculocortical connections in the Hubel and Wiesel model. Thus, there appears to be a generalized and conserved mechanism contributing to the generation of orientation tuning across species.
The tree shrew is a small, diurnal insectivore from Southeast Asia. Once considered a primate, these animals have a highly developed visual system packaged in a relatively small brain. These features, along with a lack of ocular dominance columns and an extremely precise retinotopic map across the visual cortex with very little distortion, make the tree shrew an ideal animal for studying structure-function relationships in the cortex 14 .
To examine the organization of layer 4 connections to layers 2/3, where orientation tuning emerges in the tree shrew, Mooser and colleagues made small injections of dye into the middle of layer 4 and compared the distribution of labeled boutons in layers 2/3 to the map of orientation preference, as determined with optical imaging techniques. Although all local orientation columns received input from the labeled layer 4 projections, Mooser et al. 6 noticed an organization to the projections whereby boutons clustered in orientation columns whose orientation preference matched the retinotopic displacement of the boutons from their injection site. From the perspective of a single, unoriented layer 4 neuron, synapses are made with a variety of layer 2/3 neurons with overlapping receptive fields and differing orientation preferences. From the perspective of a single layer 2/3 neuron, inputs come from multiple layer 4 neurons with receptive fields displaced along a line of visual space (Fig. 1) .
Although the results of Mooser et al. 6 indicate that intracortical, feedforward projections from layer 4 neurons establish a substrate for orientation tuning, additional cortical mechanisms, both excitatory and inhibitory, are almost certainly involved in the refinement and maintenance of orientation tuning 4, 5, 13 . In particular, previous work from the authors' laboratory has shown that layer 2/3 neurons in the tree shrew give rise to long-distance, patchy, horizontal projections 15 . These horizontal projections not only link neurons with similar orientation preferences, but also extend anisotropically across the cortex, linking neurons along a retinotopic axis that matches the orientation preference of the projecting neuron 15 . Thus, although feedforward connections from layer 4 to 2/3 are involved in the emergence of orientation, it is important to keep in mind that this pathway is not operating in isolation, but rather represents one component of a larger machine.
By combining clever thinking with stateof-the-art techniques and an excellent animal model, Mooser et al. 6 have significantly advanced our progress in the ongoing quest to understand structure-function relationships in the cortex. The finding that a common rule applies to feedforward connections and the emergence of orientation tuning in both the shrew and the cat strongly suggest that a similar plan may exist in other species. 
